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(57) ABSTRACT 

A method of fabricating an integrated circuit with less 
susceptibility to gate-edge fringing field effect is disclosed. 
The transistor includes a low-k dielectric spacer and a high-k 
gate dielectric. The high-k gate dielectric can be tantalum 
pentaoxide or titanium dioxide. The process can be utilized 
for P-channel or N-channel metal oxide field semiconductor 
effect transistors (MOSFETs). 
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MOSFET WITH SUPPRESSED GATE-EDGE on transistor performance. For example, the fringing field 

FRINGING FIELD EFFECT can produce a fringing overlap capacitance that is non-zero 

even when an overlap does not exist between the gate and 

CROSS REFERENCE TO RELATED the source/drain region (i.e., the gate stack and the source/ 

APPLICATIONS 5 drain extensions). 

Generally, conventional gate dielectric materials, such as, 

This patent application is related to U.S. Application Ser. silicon dioxide, are less applicable as transistor size is 

No. 09/187,635, by Yu et al., entitled "A Damascene Process decreased. For example, gate dielectrics consisting of silicon 

for Forming Ultra-Shallow Source/Drain Extensions and dioxide can be subject to high leakage current caused by 

Pocket in ULSI MOSFET*, filed on Nov. 6, 1998, and 1Q "direct tunneling effect." As channel lengths approach 50 nm 

assigned to the assignee of the present invention. This patent or less, high dielectric constant (k) dielectric materials must 

application is also related to U.S. Application No. 09/255, replace medium to low-k materials (e.g., k<8.0) as the gate 

546, by Yu, entitled "Locally Confined Deep Pocket Process dielectric layer. Silicon dioxide has a k value of appro xi- 

for ULSI MOSFETS", and U.S. Application Ser. No. mately 3.9. 

09/255,604, by Yu et al., entitled "A Process for Forming For advanced ULSI MOS transistors, high dielectric 

Ultra-Shallow Source/Drain Extensions", and U.S. Applica- constant (k) material, such as, titanium dioxide (TiOJ, or 

tion Ser. No. 09/303,693, by Xiang et al., entitled "Self- tantalum pentaoxide (Ta 2 0 5 ), can be used as a gate insulator 

Aligned Source/Drain Extension Engineering CMOS Pro- or a dielectric layer to suppress tunneling leakage current. In 

cess with Self-Aligned Damascene Gate and Contact", and ^OSFETs with high-k (k>25) gate dielectric materials, the 

U.S. Application Ser. No. 09/303,694, by Xiang et al, „ field . effi f! ^n^Mhe^gate stack is more significant 

entitled "ANew High-k Gate Dielectric CMOS Process with 20 Jhan conventional MOSFETs, which utihze a medium or 

Self-Aligned Damascene Contact to Damascene Metal ! A ° w ' k H *"**ctr 1C . m atena *V SU ,I ; h as ' ^licon dioxide. 

r^.» jito a i ** c vt ion u v Accordingly, transistors with high -k dielectric materials are 

Gate", and U.S. Apphcation Ser.No^ 09/304 129, by Xiang more t0 ^ fr ^ ging field effects . In small 

et al., entitled A New High-K Gate Dielectric CMOS ^3^^ contribution of thi fringing capacitance to 

-r> Process with Self-Aligned Damascene Contact to Dama- 2S mc tota , oveflap capacitancc caa bc extremely significant 

scene Metal Gate and Low-k Intra-Level Dielectric' , filed (e g ^ more than 50 perC ent). The gate-edge fringing field 

on an even date herewith and assigned to the assignee of the c $ ccX can even adversely affect the ability of the gate 

present invention. conductor to couple to the channel and to the source/drain 

extensions. The gate-edge fringing field effect can also 

FIELD OF THE INVENTION 3Q degrade the control of charges in the channel by the gate 

Hie present invention relates to integrated circuits and degfadmg subthreshold characteristics of the 

methods of manufacturing integrated circuits. More ~- . Jr k^o™^. it _ 4 ■ , 

»• 1 • *i_ * • ^ * * *j Thus, there is a need for a MOSFET transistor that is less 

particularly, the present invention relates to an integrated Jui V * a £ • • « ij 1 

r . ■ . L • « « c ' ' susceptible to gate-edge fringing field effects. Further still, 

circuit with trar^istors having ^ suppressed gate-edge fringing a a & 0SF f T * hat includes a high . k gate 

effects and a method of making such transistors. 35 dielectfic material Further ^ thefe fc a ^ fo * an 

nAPirrDnnvm tod iku/cmttam efficient method of manufacturing a MOSFET that has 

BACKGROUND OF THE INVENTION suppressed gate^edge fringing field effects. 

Integrated circuits (ICs), such as, ultra-large scale inte- SUMMARY OF THE INVENTION 

grated (ULSI) circuits, can include as many as one million 4Q Jhe mvention rela(es tQ a method of manufactur . 

transistors or more The ULSI circuit can include comple- ing an [ ntegrated circuit . ^ method inchldes providing a 

mentary metal oxide semiconductor (CMOS) field effect te structure between a source region and a drain region in 

transistors (FETS). The transistors can include gate stacks or a semiconductor substrate. The gate structure includes a 

structures disposed between drain and source regions. The plurality of sacrificial dielectric spacers. The method also 

gate structure typically includes a conductive layer that has 45 includes removing the sacrificial dielectric spacers, provid- 

a rectangular cross-section and a dielectric or gate oxide ing a plurality of low-k dielectric spacers, and providing an 

layer. The conductive layer is disposed over the dielectric insula! ive layer over the gate structure, 

layer. The drain and source regions are typically heavily The present invention further relates to a method of 

doped with a P-type dopant (boron) or an N-type dopant manufacturing an ultra-large scale integrated circuit includ- 

(phosphorous). so ing a plurality of field effect transistors. The method includes 

The drain and source regions generally include a thin sle P s of forming at least part of a gate structure on a top 

extension that is disposed partially underneath the dielectric surface of a semiconductor substrate and between a source 

layer of the gate stack to enhance the transistor performance. and , a drain. V 1 ? ^ mctu * includes a high-k gate 

Shallow source and drain extensions help to achieve immu- dielectnc material and a spacer. The source and the drain are 

nily to short-channel effects, which degrade transistor per- 55 ™ veted ^ a Slhcide la y cr j ^ raethod , als ? m ^ st f? s 

formance for both N-channel and P^hannel transistors. f ™™ n * the s P acer > and P rovidl0 S a low * k S ate dielectnc 

Short-channel effects can cause threshold voltage roll -off s P*°f r * . . t . . , 

and drain-induced barrier-lowering. Shallow source and V. ese " 1 '" venU ° n ftir ' h ? r «' . ated t0 , ™ " tc * 

, . . . . .11- u * u 1 grated circuit. The integrated circuit includes a transistor 

dram extenstons and hence, control mg short-channel & avi a structure a Qf a xmicon<iuctol 

effec s, are part.cularly .mportant as transits become 60 ^ disposed be(ween a and a drajn ^ 

smaller. ^ ate slructure nas a i ow .k dielectric spacer and a high-k gate 

As transistors disposed on integrated circuits (ICs) dielectric layer, 
become smaller (e.g., transistors with gate lengths approach- 

ing 50 nm), transistors become more susceptible to gate- BRIEF DESCRIPTION OF THE DRAWINGS 

edge fringing field effects. A fringing electrical field exists 65 The exemplary embodiments of the present invention will 

near the edges of the gate stack of transistors, such as, hereinafter be described with reference to the accompanying 

MOSFETS. The fringing electrical field has negative effects drawings, wherein like numerals denote like elements; and 
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FIG. 1 is a cross-sectional view of a portion of the ing a width of less than 10 microns. Transistor 12 is provided 

integrated circuit in accordance with an exemplary embodi- between two insulative structures 58, which can be shallow 

ment of the present invention; trench isolation structures. Alternatively, other isolation 

FIG. 2 is a cross-sectional view of the portion of the structures, such as, silicon dioxide structures fabricated by 

integrated circuit illustrated in FIG. 1, showing a gate 5 local oxidation of silicon (LOCOS), can be utilized, 

structure forming step; Gate structure 18 is preferably 1000-2000 A thick and 

FIG. 3 is a cross-sectional view of the portion of the includes gate dielectric layer 34 and a gate conductor 36. 

integrated circuit illustrated in FIG. 1, showing a wet Gate dielectric layer 34 is preferably conformally deposited 

chemical-etching step; and °° substrate 14 to a thickness of 50-150 A . Layer 34 can 

FIG. 4 is a cross-sectional view of the portion of the 10 be deposited as an amorphous material. Layer 34 is selec- 

circuit illustrated in FIG. 1, showing a low-k dielectric tiwl y ctched t0 provide the portion shown in FIG. 1. 

spacer forming step. Alternatively, layer 34 can be provided according to a 

spin-on technique. In another alternative, layer 34 can be a 

DETAILED DESCRIPTION OF THE lower-k insulative layer, such as, a silicon nitride (Si3N4), 

PREFERRED EXEMPLARY is silicon dioxide, or a silicon oxynitride (SiON) layer grown 

EMBODIMENTS ° r providcd b ? chcmical va P° r deposition (CVD). 

Conductor 36 can be deposited by chemical vapor depo- 

With reference to FIG. 1, a transistor 12 is disposed on a sition (CVD) and, with high-k gate dielectric layer 34, can 

semiconductor substrate 14, such as, a single crystal silicon be etched in a lithographic process to form the particular 

wafer. Transistor 12 is part of a portion 10 of an integrated 20 ga te structure 18 for transistor 12. Conductor 36 is prefer- 

circuit (IC) manufactured on a wafer (such as, a silicon a bly a metal (e.g., molybdenum (Mo), titanium (Ti), tung- 

wafer). Transistor 12 preferably has a gate length of less than s t en (W), aluminum (Al), titanium nitride (TiN), or a semi- 

100 nanometer (nm) (e.g., approaching 50 um). Substrate 14 conductive material, such as, polysilicon or polysilicon/ 

can be any semiconductor material, including gallium ars- germanium doped with P-type or N-type dopants, 

enide (GaAs), silicon (Si), germanium (Ge), or other mate- 25 Transistor 12 also includes a pair of low-k dielectric 

rial. Alternatively, substrate 14 can be a thin-film layer that S p acers 38 Lo W . k dielectric spacers 38 can be 1,000-2,000 

is part of a silicons-insulator substrate. X thick and 30-40 nm wide. Spacers 38 are preferably less 

Transistor 12 includes a gate stack or structure 18, a than half of the width of extensions 23 and 25. Spacers 38 

source region 22, and a drain region 24. Source region 22 3Q can be manufactured from a variety of low-k materials, 

and drain region 24 also include a source extension 23 and ^ ^ Qf sp&CCTS ^ marju f acmre d from low-k material 

a drain extension 25, respectively. In the exemplary a dvantageously reduces the gate-edge fringing capacitance 

embodiment, source region 22 and drain region 24 have associated at transistor 12 (especially transistor 12, which 

deep contact regions 17 and 19, respectively, which are utilizes a high-k gate dielectric layer 34). Spacers 38 pref- 

60-120 nm deep (60-120 nm below a top surface 39 of erabl have a k value of ]ess than 20 ^ low . k material 
substrate 14). 

around the edges of gate structure 18 suppresses gate -edge 
Transistor 12 can be an N-channel or a P-channel field fringing field effects so high-k gate dielectric layer 34 can be 
effect transistor (FET). Transistor 12 can be subject to utilized with transistor 12. Thus, spacers 38 advantageously 
two-dimensional channel -doping engineering and includes reduce overlap capacitance resulting from the gate -edge 
pocket or halo implant regions. Regions 22 and 24 can be ^ fringing electrical fields, thereby benefiting the speed of the 
planar, as shown in FIG. 1, or can be raised or elevated transistor. Additionally, spacers 38 significantly improve 
source and drain regions. sub-threshold voltage characteristics and low-voltage con- 
Extensions 23 and 25 are preferably ultra -shallow ex ten- trol of ultra-thin transistors, such as, transistor 12. 
sions (e.g., junctioirdepth is less than 15-30 nm), which are The low-k materials (k less than 3.0, preferably less than 
thinner (i.e., shallower) than regions 17 and 19 of regions 22 45 2.0) can be created from vapor deposition and spin-on 
and 24. Each of extensions 23 and 25 has a width of 40-80 coating techniques. For example, vapor deposition of 
nm (from left-to-right) and is integral with regions 22 and parylene and polynapthalene families of polymers and poly- 
24, respectively. Extensions 23 and 25 are disposed partially tetrafluoroethylene (PTFE) can be utilized to form low-k 
underneath a gate dielectric layer 34. Ultra-shallow exten- materials. Alternatively, plasma enhanced chemical vapor 
sions 23 and 25 help transistor 12 achieve substantial 50 deposition (PECVD), high density plasma CVD of fluori- 
immunily to short-channel effects. Short-channel effects can nated Si0 2 glass, and amorphous C:F can form the low-k 
degrade performance of transistor 12, as well as the manu- dielectric material. Air-gap formation and plasma polymer- 
facturability of the 1C associated with transistor 12. Regions ization of pentafluorostyrene and pulse plasma polymeriza- 
22 and 24 and, hence, extensions 23 and 25, have a con- tion of PTFE can also be utilized. Additionally, materials can 
centration of 10 JS> to 10 20 dopants per cubic centimeter. S5 be deposited by spin coating; spin coating materials include 
Gate dielectric layer 34 of transistor 12 advantageously organic polymers (fluorinated or non-fluorinated), inorganic 
has a high dielectric constant (k) value. For example, layer polymers (nonporous), inorganic-organic hybrids, or porous 
34 preferably has a k value of greater than 20 (preferably, materials (xcrogels or aerogels). Low-k material synthesis is 
greater than 25). Gate dielectric layer 34 can be a high-k described in an article entitled "Low-Dielectric Constant 
dielectric material, such as, titanium dioxide (TiOJ, tanta- 60 Materials for ULSI Interlayer Dielectric Applications" , by 
lum pentaoxide (Ta 2 0 3 ), aluminum oxide (Al^ 0 3 ), or other Wei William Lee and Paul S. Ho, MRS Bulletin (October 
insulators. Gate dielectric layer 34 is a gate insulator which 1997), pages 19-23. 

suppresses tunneling leakage current. Layer 34 can also be A silicide layer 70 is formed over drain region 24 and 

a composite of several insulating layers made from different source region 22 of transistor 12. A portion 60 of silicide 

materials (e.g., Sfl^ Ti0 2 , Ta0 5 , Si 3 N 4 , etc.). es layer 70 is provided over source region 22, and a portion 62 

Transistor 12 can be an N-channel or a P-channel metal of silicide layer 70 is provided over drain region 24. Portions 

oxide semiconductor field effect transistor (MOSFET), hav- 60 and 62 are preferably 100-200 A thick layers of titanium 
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silicide (TiSiJ, nickel silicide (NiSiJ, cobalt silicide 
(C0S4), or other conductive materials. Seventy percent 
(70-140 A) of portions 60 and 62 extend below top surface 
39 of substrate 14. 

Preferably, layer 34 is deposited or formed after silicida- 
tion such that heat associated with the silicide process does 
not affect layer 34. Alternatively, silicide layer 70 can be 
formed utilizing a nickel silicide process at low temperature 
so layer 34 is not affected. Alternatively, a damascene 
process can be utilized where a sacrificial gate oxide and a 
sacrificial gate conductor are removed after layer 70 is 
formed and other high temperature processes are performed. 

Most elements of transistor 12 can be manufactured 
according to conventional complementary metal oxide semi- 
conductor (CMOS) process steps. Transistor 12 can be at 
least partially covered by insulative layer 46 in a CVD 
TEOS process and is preferably part of an ultra-large scale 
integrated (ULSI) circuit that includes 1,000,000 or more 
transistors. Insulative layer is preferably 1000 A thick. Vias 
or holes 50 and 52 are etched in insulative layer 46 to form 
spacer section 54 and sections 57. Spacer section 54 covers 
gate structure 18 and spacers 38. Sections 57 cover struc- 
tures 58. 

With reference to FIGS, 1-4, the fabrication of transistor 
12, including high-k gate dielectric layer 34 and low-k 
dielectric spacers 38, is described below as follows. Con- 
ventional CMOS processes are utilized to form most of the 
elements of transistor 12 shown in FIG. 2. 

In an exemplary embodiment, a conventional double- 
implant process can form source and drain regions 22 and 
24. Source and drain extensions 23 and 25, respectively, are 
formed by doping both sides of gate structure 18 before 
sidewall spacers 56 are formed via a conventional doping 
process, such as, a diffusion process or ion-implantation 
process. Without sidewall spacers 56, the doping process 
introduces dopants into a thin region (i.e., just below the top 
surface of substrate 14) to form the source and drain 
extensions 23 and 25, respectively, as well as to partially 
form source and drain regions 22 and 24, respectively. 

After source and drain extensions 23 and 25, respectively, 
are formed, spacers 56, which abut lateral sides of gate 
structure 18, are provided over source and drain extensions 
23 and 25. Substrate 14 is doped a second time to form the 
deeper source and drain regions (regions 17 and 19), Source 
and drain extensions 23 and 25 are not further doped due to 
the blocking capability of spacers 38. In another alternative, 
portions 60 and 62 are used as a mask after regions 17 and 
19 are formed to implant regions 23 and 25. 

Preferably, layer 34 is deposited as an amorphous Ta 2 0 5 
layer, a Ti02 layer, or an Al 2 0 3 layer after a sacrificial 
dielectric layer and gate conductor are removed from struc- 
ture 18. Layer 34 is deposited after high -temperature pro- 
cesses (e.g., greater than 800° C.) are completed (e.g., 
silicidation, dopant activation, etc). 

In FIG. 2, transistor 12 can be substantially formed by 
conventional semiconductor processing techniques to form 
gate structure 18, including gate oxide or dielectric layer 34, 
dummy or sacrificial spacers 56, gate conductor 36, source 
region 22, and drain region 24. Transistor 12 is provided 
between structures 58. 

Dopants in regions 22 and 24 and extensions 23 and 25 
are preferably activated by a rapid thermal annealing (RTA) 
before layer 34 is deposited. Layer 34 is preferably con for- 
mally deposited by CVD after a pad oxide layer between 
spacers 56 is removed. The pad oxide layer is disposed on 
the top surface of substrate 14. Alternatively, a buffer oxide 
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can be deposited to provide an interface between layer 34 
and substrate 14. 

Gate conductor 36 is deposited as a conformaljaver ove r 
layer 3 47^00 0^^0^34 ,^. 3jLare«dry*etched4o Jform the 

5 structure in gate structure 18 (FIG. 1). Alternatively, other 
selective removal processes can be utilized for structure 18. 

Sub strate 14 is_doped in an ion-implant ation process or 
diffu£ior^groc^lo~to7m source rem'on^an&drain^egion 
'247I?emons 22 and 24 extend deeply below (e.g., 60-120 

10 nm) top surface 39 of substrate 14. Source region 22 and 
drain region 24 can be heavily doped with boron (B) or 
phosphorous (P), depending upon the type of transistor 12. 
Alternatively, other dopants can be utilized. 

Thus, a lower thermal budget can be utilized after the 

15 structure in FIG. 2 is formed because portions 60 and 62 are 
already provided. Spacers 56 are dummy or sacrificial 
spacers. Spacers 56 can be silicon dioxide (SiOj or silicon 
nitride (Si 3 N 4 ) formed in a conventional process before or 
after layer 34 is deposited. A layer for spacers 56 can be 

20 conformally deposited in a plasma enhanced chemical vapor 
deposition (PECVD) process as a 1,000 to over 2,000 A 
thick layer provided over structure 12. Preferably, spacers 56 
are silicon nitride (Si3N 4 ). 

The conformal layer associated with spacers 56 is selec- 
tively etched (e.g., etched back) to leave spacers 56 adjacent 
gate stack 18. Spacers 56 are each preferably 1,000-2,000 A 
thick, and each of spacers 56 is approximately 500-800 A 
wide. Alternatively, other materials can be utilized for 

3Q spacers 56. 

After spacers 56 are provided adjacent gate structure 18, 
portion 10 is subjected to a conventional silicidation process 
to form silicide portions 60 and 62. Portions 60 and 62 can 
be formed in a conventional process, wherein a refractory 

35 metal (e.g., Co, Ti, Ni) is deposited by CVD and reacted with 
exposed surfaces of silicon associated with conductor 36, 
region 22, and region 24. A silicide portion can also be 
provided above gate conductor 36. Nickel can be utilized if 
a low temperature (600° C) silicidation process is required. 

4Q Atoms of the refractory metal react with the exposed 
silicon (e.g., in a thermal process) to form silicide material. 
The refractory metal does not react with spacers 56 (silicon 
nitride). Therefore, silicide layer 70 is not formed on spacers 
56. After the reaction, which forms portions 60 and 62, the 

45 unreacted refractory metal is removed. Portions 60 and 62 
advantageously reduce contact resistance associated with 
transistor 12. 

In FIG. 3, after portions 60 and 62 ar e formed, spacers 56 
are removed to leave openings $2 adjacent gate structure 18. 

50 Openings 32 define a space of exposed silicon on substrate 
14 above extensions 23 and 25. Openings 32 are between 
portion 60 and gate structure 18 and between gate structure 
18 and portion 62. 
Spacers 56 can be stripped from portion 10 by any 

55 removal process, including a wet chemical-etching process, 
a dry-etching process, or a plasma dry-etching process. 
Spacers 56 are preferably removed in a wet chemical- 
etching process. The wet-etching process is preferably selec- 
tive to silicon nitride with respect to silicon, to layer 34, and 

60 to conductor 36 as to not affect substrate 14, structures 58, 
and gate structure 18. Alternatively, structures 58 and gate 
conductor 36 can be covered by a protection layer. Portions 
60 and 62 advantageously protect substrate 14. Openings 32 
are preferably 500-800 A in width. 

65 In FIG. 4, spacers 38 are formed from a low-k dielectric 
material, as described above with reference to FIG. 1. A 
conformal layer of low-k dielectric material is provided over 



Page 8 (ONadav, 04/29/2001, 



EAST Version: 1.01.0005) 



US 6,194,748 Bl 

7 8 

transistor 12. Preferably, the conformal layer is deposited by removing the spacer; and 

CVD over gate structure 18 and selectively etched to leave providing the low-k dielectric spacer, 

spacers 38 abutting the sides of gate structure 18. 6. The integrated circuit of claim 5, wherein the low-k 

Alternatively, spacers 38 can be deposited in a spin-on dielectric spacer has a width approximately one -half a 

technique or other process. Preferably, the low-k dielectric 5 distance between the gate structure and the silicide layer, 

conformal layer is Xerogel (e.g., porous SiOJ material, is 7. The integrated circuit of claim 5, wherein the high-k 

200-250 nm thick, and is etched by anisotropic plasma gate dielectric material is Al^, Ta^Oj, or Ti0 2t 

dry-etch. Spacers 38 fill up to one-half of the space associ- 8 - integrated circuit of claim 5, further comprising: 

ated with openings 32 (e.g., 300-400 A wide). depositing an oxide material over the spacer, the gate 

. nr , . , , ... . . j 4 ■ * m structure, and the silicide layer. 

In FIG. 1, insulauve layer 46 is provided oveMranstttor 10 Q ^ im ted drcuit Q \ daim 8 WQefein me fe 

12 (e.g., structures 58, gate structure 18, portion 60, portion silicon nitride 

62, and openings 32) Insulative layer 46 is preferably a m ^ inte ted circuit of claim 9> wherein tne low . k 

rtuck silicon dioxide aver deposited ro a tetraorthosihcate dielec|ric ^ siikm dioxide 

CTEOS) process at a low temperature . (e*, . less than 400° 11. A field effect transistor, comprising: 

C). Insulative layer 46 is initially 500-1000 nm thick. « ... . j 7 • j . 

' ' J _ a gate structure on a top surface of a semiconductor 

Layer 46 is subjected to a chemical mechanical polish substrate' 

£ MP ] <° Pi 3 ™™ la y er U y cr 46 * ctchcd fom vias a S0Ufce lQ the semiconductor sub strate; and 

50 and 52 for contacts and local interconnects. Vias 50 and a ^ ^ Qn fa ^ ^^vctoi substrate, wherein 

52 expose portions 60 and 62 respectively. A conventional ^ struc ture is disposed between the source 

CMOS process can be utilized to form contacte and inter- ioQ and ^ dfain rc ^ on whercin ^ stmc . 

connects for transistor 12 and otherwise complete fabnea- tUfC indudcs a paif of Jow . k diclectric spaccrs> a 

tion of portion 10. high . k ga(e dielectric layerj and a gate conductor, 

It is understood that, while preferred embodiments, whereby the transistor has reduced gate-edge firing- 
examples, materials, and values are given, they are for the 2S i ng capacitance due to the effect of the low-k dielec- 
purpose of illustration only. The apparatus and method of the trie spacers, wherein the low-k dielecgtric spacer has 
invention are not limited to the precise details and conditions a k-value of less than 3 and the high-k dielectric layer 
disclosed. For example, although wet-etching techniques are nas a k value of more than 25. 
discussed, other methods could be utilized to remove stmc- 12. The field effect transistor of claim 11, wherein the 
hires. Thus, changes may be made to the details disclosed 3Q gate dielectric spacers each have a width less than a 
without departing from the spirit of the invention, which is distance between the gate structure and a silicide layer above 
defined by the following claims. t he drain region and the source region. 

What is claimed is: 13. The field effect transistor of claim 12, wherein the 

1. An integrated circuit comprising a transistor having a i 0W -k dielectric spacers are manufactured from materials in 
gate structure on a top surface of a semiconductor substrate 35 the parylene family of polymers, the polynpathalene family 
and disposed between a source and a drain, the gate structure 0 f polymers, or poly tetrafluoroethylene. 

having a low-k dielectric spacer and a high-k gate dielectric 14. The field effect transistor of claim 11, wherein the gate 

layer where the wherein the low-k dielectric spacer has a k conductor is a metal material. 

value of less than 3 and the high-k gate dielectric value has 15. The field effect transistor of claim 14, wherein the gate 

a k value of more than 25. 4Q conductor is molybdenum, titanium, tungsten, aluminum, or 

2. The integrated circuit of claim 1, wherein the low-k titanium nitride. 

dielectric spacer has a k value of less than 2. 15, The field effect transistor of claim 11, further com- 

3. The integrated circuit of claim 2, wherein the high-k prising nickel silicide layers. 

gate dielectric layer includes Aij. 17. The field effect transistor of claim 11, wherein the 

4. The integrated circuit of claim 2, wherein the low-k 4S high-k gate dielectric layer is comprised of titanium dioxide, 
dielectric spacer has a width less than a distance between the tantalum pentaoxide, or aluminum oxide. 

gate structure and a silicide laver above the drain. 18. The field effect transistor of claim 11, wherein the 

5. An ultra-large scale integrated circuit including a high-k dielectric layer is 50-150 A thick. 

plurality of field effect transistors having low-k dielectric 19. The field effect transistor of claim 11, wherein the 

spacers and a high-k gate dielectric layer, each being manu- 5Q i ow .k dielectric spacers are 30-40 nanometers wide and less 

faclured by the steps of: in width than a distance between the gate structure and a 

forming at least part of a gate structure on a top surface silicide laver above the drain region, 

of a semiconductor substrate and between a source and 20. The field effect transistor of claim 11 wherein the 

a drain, the gate structure including the high-k gate low-k dielectric spacer has a k-value of less than 2. 
dielectric layer and a spacer, the source and the drain 

being covered by a suicide layer; ***** 
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